Bacillus subtilis (natto) plasmid, pUH1.
In a previous paper (5) , we reported that a 5.7-kb plasmid designated pUH1, which encodes the y-glutamyltranspeptidase gene responsible for y-polyglutamate production, was detected in a Bacillus subtilis (natto) strain isolated from a fermented soybean food, natto. Recently, electron microscope studies of the hybridization products of pLS11, which is detected in B. subtilis IFO 3022 and is 8.6 kb in size, with pUH1 revealed a heteroduplex molecule containing 1.11-and 2.14-kb double-stranded DNA termini (6) . We thought that these double-strand regions might play an important role in polyglutamate production and DNA replication.
This communication reports that the 2.0-kb BstEII DNA fragment corresponds to the replication origin of Natto plasmid pUH1 and contains a 999-bp open reading frame, a promoter for the open reading frame, and a possible replication origin upstream of the promoter. Significant homologies were observed between the amino acid sequence predicted from the 999-bp open reading frame and those of the similar putative proteins encoded by the B. amyloliquefaciens plasmid pFTB14 (13) and Staphylococcus aureus plasmid pC194 (3, 7) .
To facilitate identification of the replication region of Fig. 1 . The dihydrofolate reductase-coding gene was derived from a Tmpr strain, TTK24, of B. subtilis 168 (20) and has been cloned in plasmid pBR322 of Escherichia coli (2) . DNAs from pTL12, carrying the Tmpr dihydrofolate reductase gene, which was constructed by Tanaka and Kawano (18) , and pBR322 were both treated with EcoRI and HindIII, mixed, and ligated with T4 ligase; then pATE1 was constructed. Natto plasmid pUH1 was digested with BstEII, and then the ends were filled in with Klenow fragment to generate a blunt end. The DNA fragments were mixed and ligated at the AatI site of pATE1 with T4 ligase and then added to B. subtilis MI112 (19) protoplasts. Several Tmpr colonies were obtained on AA agar plates (18) containing trimethoprim (1 ,ug/ml), and one of them was used for further study. Plasmid pBB2 carried in such a Tmpr colony had a molecular mass of 8.4 kb (Fig. 1) . The physical map of pBB2, using various restriction enzymes, is shown in Fig. 1 .
To define the boundaries of a functional unit of pUH1 replication, a 2.0-kb BstEII fragment of pUH1 was digested with selected restriction endonucleases to obtain a set of overlapping DNA fragments. Digests modified with Klenow fragment were ligated with pATE1, followed by introduction into E. coli by transformation and successive selection for ampicillin resistance. The plasmid DNA preparations containing each generated fragment were tested for replication activity in B. subtilis. The results are summarized in Fig. 2 . Plasmid pBB2, which corresponds to fragment 1 in Fig. 2 , and a derivative containing fragment 7 specified Tmpr in B. subtilis, but attempts to transform B. subtilis with recombinant plasmid preparations containing the small fragments (fragments 2 to 6 in Fig. 2 ) and inserted fragments (fragments 8 and 9) were unsuccessful.
The nucleotide sequence of the 2.0-kb BstEII fragment was determined by the method of Sangar et al. (14) . Though the strategy is not shown, the nucleotide sequence was determined for both strands by using numerous restriction fragments to give enough overlapping regions. By examination of possible open reading frames, we found only one large frame (Fig. 2) , designated rep, which consists of 999 bp and encodes a protein molecule with 333 amino acids and an Mr of 39,074. The 5' upstream region of rep contains a 5'-AAGGAG-3' sequence (indicated as SD in Fig. 3 ) complementary to the 3' end of 16S rRNA (3'-OH-UCUUUC CUCCAGUAG-5') of B. subtilis (11) at nucleotides 777 to 782 for translation initiation. There is a 5'-TATTAT-3' sequence (-10 in Fig. 3 (12) .
Plasmid pBB2 was digested with BglII and then treated for 20 min with exonuclease Bal31 under conditions in which about 50 bp was removed per min from each end of the DNA molecule. After ligation by T4 ligase, the DNA was introduced into B. subtilis by protoplast transformation. Tmpr transformants, which contained fragment 11 in Fig. 2 , were obtained at high efficiencies with Bal31-generated deletions of 581 bp (as determined by nucleotide sequencing), while no transformants were obtained with a similar 653-bp deletion (fragment 10 in Fig. 2) , suggesting that the 5' upstream portion is dispensable for replication. The interaction of the MCYNMEKYTEKKQRNQVFQKFIKRHIGENQMDLVEDCN   70  80  90  100  110  120 rep 
Comparison of the amino acid sequences of rep of pUH1, rep14 of pFTB14, RepB of pUB110, and protein A of pC194.
Amino acid identities with rep of pUH1 are indicated (*). Amino acid numbers follow the sequence of the rep protein from the amino-terminal methionine to the carboxyl terminus. Gaps have been inserted to gain maximum matching. The one-letter amino acid code has been used.
initiator protein with its binding site on the DNA is a key step in the replication initiation process (4, 21) . Therefore, the structure of the 2.0-kb ori sequence that is necessary and sufficient for the replication of the Natto plasmid pUH1 molecule contains a 999-bp open reading frame, rep, a promotor region for rep expression, and a putative replication origin for the plasmid, which is located upstream of the promoter between positions 581 and 653.
The amino acid sequence of the rep protein coding region of pUH1 was compared with a number of protein sequences registered in GenBank by using the homology search system of GENAS (10) . Homologies between the predicted amino acid sequence of the rep protein of pUH1 and those of the rep protein of pFTB14, RepB of pUB110, and protein A of pC194 are illustrated in Fig. 4 . A high similarity (71.8%) was found between the rep protein of pUH1 and repl4 of pFTB14 in B. amyloliquefaciens. The structure of the replication origin sequence of pFTB14 contains an open reading frame (rep), stretching for 1,017 bp, a promoter region for rep expression, and a possible replication origin for rep expression, which is located upstream of the promoter. The rep product is trans active and essential for plasmid replication (13) . Compared with rep of pUH1, a low similarity (39.7%) was found for RepB of pUB110 (1) and for protein A (29.2%) of pC194 (8) in S. aureus. Khan et al. (9) determined the start site of pT181 DNA synthesis within a 127-bp segment and showed that a 168-bp segment containing the replication start site is enough to initiate unidirectional replication.
Furthermore, like RepC protein of pT181 (9) , the protein of E. coli plasmid R6K (4, 17, 18) does not have any significant homology in its amino acid sequences with those of the rep proteins of pUH1 and pFTB14 deduced from the open reading frame (data not shown). The Rep protein of Natto plasmid pUH1 shows high homology with replication proteins encoded by pFTB14, pC194, and pUB110, which originate from various gram-positive bacteria such as B. amyloliquefaciens and S. aureus. Taxonomic studies (based VOL. 57, 1991 on the 16S rRNA similarities) revealed that Bacillus and S. aureus strains are more related than Streptococcus and Lactobacillus strains (16) . The plasmid homologies suggest an exchange of plasmid replicons by recent horizontal transfer through the different genera, including "natto" Bacillus species.
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